VOLUME SEPARATE No. 486 


PROCEEDINGS 


SOCIETY 


CIVIL ENGINEERS 
SEPTEMBER, 1954 


STRAIN BALANCE SYSTEM FOR 
ANALYSIS REDUNDANT 
STRUCTURES 


Oliver Baer, A.M. ASCE 


STRUCTURAL DIVISION 


{Discussion open until January 1955} 


Printed the United States America 


Headquarters the Society 
39th St. 
New York 18, 


PRICE $0.50 PER COPY 


civit 
ENGINEERS 


THIS PAPER 


--represents effort the Society deliver 
technical data direct from the author the 
reader with the greatest possible speed. Tothis 
end, has hadnone the usual editing required 
more formal publication procedures. 


Readers are invited submit discussion apply- 
ing current papers. For this paper the final 
date which discussion should reach the 
Manager Technical Publications appears 
the front cover. 


Those who are planning papers discussions 
for “Proceedings” will expedite Division and 
Committee action measurably first studying 
“Publication Procedure for Technical Papers” 


(Proceedings Separate No. 290). For free 


copies this Separate—describing style, con- 
tent, and format--address the Manager, Techni- 
cal Publications, ASCE. 


Reprints from this publication may made 
condition that the full title paper, name 
author, page reference (or paper number), and 
date publication the Society are given. 


The Society isnot responsible for any statement 
made opinion expressed its publications. 


This paper was published 1745 State Street, 
Ann Arbor, Mich., the American Society 
Civil Engineers. Editorial and General Offices 
West Thirty-ninth Street, New York 18, 


STRAIN BALANCE SYSTEM FOR ANALYSIS 
REDUNDANT STRUCTURES 


Quite often the design industrial structures there arise situa- 
tions involving highly redundant frames. These frames may not appear 
very complex, but the determination stresses the ordinary 
methods hand becomes very tedious the structure more than two 
three times redundant. fact, too often these structures are not 
even analysed because their complexity, and simplifying assumptions 
such “let the columns take the vertical loads and the bracing take the 
horizontal loads” are resorted to. 

frame typical many refinery structures where heavy equipment 
loads are carried high above the ground shown Fig. The loads 
considered are shown, and the relative L/AE values are tabulated 
Table assumed that the horizontal shear 100k divides 
evenly between the bracing each story, will found that the total 
vertical reactions for this structure will 700k 700k and 
zero But exact analysis made this frame, will 
found that the reactions are 840k 420k and 140k This 
indicates that more careful appraisal should made the interac- 
tion the members. 

arrive the theoretically correct reactions 840k etc., 
involves considerable amount labor. This frame four times re- 
dundant, and some 300 400 separate computations, additions, entries, 
etc., are involved the solution; mistake any one these opera- 
tions will result incorrect answer. And after the solution ob- 
tained, often found that some the member sizes should 
changed, whereupon the whole analysis must repeated the correct 
stresses are desired. This discouraging prospect. 

order arrive stresses which are reasonably correct rea- 
sonable amount time, can make good use two the most simple 
and fundamental conditions applicable structures: The member 
forces each joint must balance, and The components the struc- 
ture must fit together after they have been stressed. fact, have 
obtained set member forces any means, and these two conditions 
are satisfied, then the forces are correct. can assume set 
forces the structure, plot the resultant deformation the structure, 
and observation this deformation plot arrive better approx- 
imation the forces, will have hand method whereby can 
very short order obtain reasonably correct set forces for the indi- 
vidual members. 

Refer back Fig. again. Consider redundants the diagonal 
members CD, FG, JK, and MN. assign each them assumed 
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force, then preliminary set forces follows immediately for all the 
rest the members. For example, assume that each these members 
carries 60% the shear its story, resulting -85k force each 
these members. The forces the remaining members are computed, 
and table made the deformations corresponding the forces 
the members. See Table the deformations the column headed 
correspond the forces the column headed F,. Note that only rela- 
tive values L/AE and have been used. The absolute values for 
and could have been used, and result the actual deflection 
the structure could measured directly from the deflection diagram; 
but for finding the member forces, the relative values are sufficient. 

After computing the deformations the members, ordinary 
Williot deflection diagram drawn. Beginning with points and 
Fig. however, apparent that the position point can plot- 
ted two different ways, either plotting and deformations 
plotting and deformations. also apparent that when 
have the proper forces all the members, the two plots for coin- 
cide. Then proceeding further, found that point can plotted 
two different ways from points and that the two plots for 
must coincide when have the correct solution. This also applies 
points and Note this time that there were four conditions 
fulfilled the plot, namely the coincidence the two possible positions 
for each the four points and general, there will the 
same number conditions fulfilled the plot there are redun- 
dants the structure. 

Upon plotting the deformations corresponding the forces 
the members AD, BD, and CD, obtain the partial diagram Fig. 
From just this much diagram, can immediately see that the 
forces assumed the redundant members must considerably revised 
order get the two points plotted for coincide. And more 
critical examination, can also estimate the amount revision re- 
quired the deformations, and hence the forces. the figure, 


the plotted point for the position point dependent the deformations 
and CD, and Dip) the position with respect and 


From Fig. evident that must moved the right and Dip) 
the left, hence too small and too large. And appears 
and hence the force should increased perhaps 50% 


make the two points plotted for coincide. Also reasonable 
increase the loads the other three redundants the same amount be- 
fore arriving second set forces, since all four these diagonals 
will act similar manner. 

Upon increasing the load each the redundants -120k, obtaining 
the forces the remaining members and the deformations all the 
members, second deflection diagram can plotted Fig. The 
forces obtained for the members are shown Table the column 
headed and the corresponding distortions are those listed the col- 
umn This deflection plot actually superposition two 
plots, one for the right hand structure ACMN and one for the left hand 
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structure ABLN. The points are the points 
the right hand structure ACMN, and the points and Nip) 


apply the left hand structure ABLN. keep the diagram 
simple possible, all the deflections the members are not shown 
the diagram. From Fig. seen that there fair correspon- 
dence between the pairs points plotted for and and that 
are very much closer the correct forces than were the first ap- 
proximation. can seen Fig. that Nip) (the point plotted 


the left hand side the structure) the right Nic) (the point 
plotted the right hand side the structure), while and Gip) are 
the left and This means that the position the left 


hand side the structure (ABLN) plotted independently the right 
hand side the structure (ACMN), will found that some the 
points the left hand structure lie the left the points 
the right hand structure, and the rest the points (point 
lies the right. (Note that each side the structure would 
stable itself, and hence will have definite sidesway depending only 
the deformations the individual members). the left hand side 
the structure has deformed sideways about the same amount the right 
hand side; thus general change the redundant forces necessary, 
only slight local revisions. 

arrive even closer answer, can seen that should 


increase should decrease somewhat, these points being the far- 


thest from coincidence. But can also seen that Nip) has moved 


from its original point (when the structure was not loaded) very little 
more than has. Note again that the distance from point 


point Nip) the diagram Fig. proportional the actual move- 


ment point the structure consisting the fourteen members 
the left hand side Fig. bounded the points when those 
members are subjected the loads the column headed Table 

will generally found that when the plotted points have reached 
the correspondence shown Fig. the member forces are close enough 
for member sizing and revision. The actual forces the redundants 
should -135k for MN, -120k for JK, -109k for FG, and -115k for DC, 
our assumption -120k for each only about 12% off the worst 
case; and the loads the vertical members near the bottom have very 
close correspondence with the exact values, since they depend more 
the sum the bracing forces than the individual bracing forces. 

This method approximating the redundant forces course im- 
mediately applicable much higher structures the type shown 
Fig. have similar structure say stories, the procedure 
will similar, although course more lengthy. The objective will 
pick the diagonal loads that the points plotted the two different 
possible ways for the joints the middle column (such 
Fig. will have close correspondence with each other. When the 
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points the middle column the left hand side the structure fall 
sometimes the left and sometimes the right the corresponding 
points the right hand side the structure, reasonably correct solu- 
tion has been obtained, and the designer can rest assured that the maxi- 
mum column loads are very close those that would found exact 
methods. 

When using this method analysis determine the member forces 
structures where the reaction points are separated more than two 
panels, the procedure obtaining the deflection diagram carried out 
similar that used the general case unsymmetrical structures. 

Williot diagram first plotted assuming one member fixed di- 
rection; but instead applying the Mohr correction the usual prob- 
lem when the deflections such are desired, the Williot diagram alone 
sufficient for our purposes. Consider the structure shown Fig. 
which could truss used lengthen out the column spacing. this 
case, only two panels separate the reaction points, and the deflections 
can plotted directly because known that the panel points 
and will all fall the same horizontal line. But the truss sup- 
ported only and with reaction point then the Williot dia- 
gram may plotted the usual procedure that would used this 
structure were not redundant and the deflections were required 
found. only the member forces are desired, however, not neces- 
sary carry the Mohr rotation correction through; the actual labor 
required solve problem this nature very little more than that 
required for structure which the deflections can plotted directly. 

This procedure plotting deflection diagram will also found 
useful checking structures that have been solved other methods, 
such virtual work least work. The fact that these structures are 


Statically indeterminate does not preclude their being checked with de- 
flection diagram. There are many chances for mistakes creep into 
the analyses performed these methods, and check made en- 
tirely independent method very reassuring. 
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1.00 -1,0 -15 ~0.15 
230 -—620 86 -670 eOL 
2-00 -1.70 -120 -2.40 
0.50 -1,60 230 185 
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